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Abstract

Objectives: To explore the factors associated with the increased spinal cord area in single-door cervical laminoplasty
(SDCL) with miniplate fixation.

Methods: A retrospective study enrolled 83 patients underwent SDCL with miniplate fixation and the patient charac-
teristics such as age, gender, tobacco use, alcohol use, diabetes mellitus, hypertension, diagnosis, operative level, etc,
were obtained. The opening angle, door shaft position and spinal canal area of the patients were measured after sur-
gery. The sagittal canal diameter (SCD), the C2-7 Cobb angle, the cervical curvature index (CCl), the range of motion
(ROM) and the spinal canal area were measured before and after operation. The increased cervical spinal cord area
was also measured before and after surgery, and the correlation between the above indicators and the increased cer-
vical spinal cord area was studied through Pearson’s correlation analysis and multivariate logistic regression analysis.

Results: There were 34 patients in small spinal cord area increment group (SAl group), 29 patients in middle spinal
cord area increment group (MAI group) and 20 patients in large spinal cord area increment group (LAl group). The
preoperative diagnosis(P=0.001), door shaft position (P=0.008), preoperative spinal canal area (P=0.004) and post-
operative spinal canal area (P=0.015) were significant different among the 3 groups. The multivariate analysis showed
that the preoperative diagnosis (OR=2.076, P=0.035), door shaft position (OR=3.425, P=0.020) and preoperative
spinal canal area (OR=10.217, P=0.009) were related to increased spinal cord area.

Conclusions: The preoperative diagnosis, door shaft position and preoperative spinal canal area might be associated
with increased spinal cord area after cervical laminoplasty with miniplate fixation. Preoperative symptoms are mostly
caused by compression of the spinal cord, so spinal cord area enlargement can bring a better recovery in patients
alongside long-term. Spine surgeons should pay more attention to the accuracy of the preoperative diagnosis, the
preoperative measurement of spinal canal area and the door shaft position during the operation.
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Introduction
Single-door cervical laminoplasty (SDCL) has been
widely used for patients with ossification of the pos-
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the trough acting as a hinge; performed to relieve com-
pression of the spinal cord or nerve roots, which fixed
by suture suspensory or miniplate, etc. Some studies
found that mini-plate fixation was superior in reduc-
ing the incidence of surgical complications, which is
an increasing popular surgery and a good choice for
patients [2]. The purpose of cervical laminoplasty is to
indirectly relieve the compression of the spinal cord by
posterior enlargement of the spinal canal, which ena-
bles a better recovery for patients, as well as a long-
term effectiveness of the surgery [3, 4].

In recent years, there are extensive studies to explore
the relationship among opening size, door shaft position,
opening angle, sagittal canal diameter (SCD), spinal canal
area and axial pain after SDCL [5-8]. However, most of
the preoperative symptoms are caused by compression
of the cervical spinal cord [9]. The increased spinal cord
area after open-door surgery can indirectly reflect the
effect of decompression, which is a problem worthy of
our attention. But few studies focused on the increased
spinal cord area after surgery, especially for the cervical
laminoplasty with miniplate fixation [10]. The objective
of the current study was to observe the increased spinal
cord area and to elucidate the potential factors associated
with it after SDCL with miniplate fixation.

Methods

Patient data

This was a retrospective study approved by the Ethi-
cal Committee of West China Hospital of Sichuan Uni-
versity. Patients were selected from November 2011
to June 2018. All patients had given the informed con-
sent to allow their information to be used with research
purposes.

In the present study, all of the patients included in
the study were diagnosed with OPLL, MCDH or DCSS
according to their clinical manifestations and results of
x-rays and computed tomography (CT) and magnetic
resonance imaging (MRI) scans before SDCL with mini-
plate fixation. The conservative treatment was used for at
least 3 months and all cases were admitted to our hospital
for surgical treatment. MRI indicated cervical disc herni-
ation or spinal stenosis involving at least 3 intervertebral
levels and spinal cord compression. Exclusion criteria
was as follows: 1) trauma, tumor or infection at any cer-
vical level, 2) deformity, 3) no available CT or MRI data,
4) insufficient CT or MRI data (not fully covering C2 to
C7 vertebra), 5) slice thickness or slice increment larger
than 1 mm, 6) the patients who received suture suspen-
sory fixation or skipped miniplate fixation. All surgeries
were carried out by a single surgeon and all the patients
were followed for at least 6 months.
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Surgical technique

After receiving general endotracheal anesthesia, the
patient is positioned prone with the head secured in
a Mayfield 3-pin head-holder. The head and neck are
held in slight flexion. A midline cervical incision is
made to expose the laminae, spinous processes, and
medial facet joints from C2 to C7. The ligaments are
cut between C2 and C3 and between C7 and T1. The
spinous processes are then amputated at their bases
from C3 to C7. The opening side is made on the side
with more symptoms. On the open side, a trough by
completely removing the dorsal cortex, the cancel-
lous layer, and the ventral cortex with a burr along the
medial margin of the facet joints is created. Once the
open side is completed, a hinge is created by making
another trough on the other side. The dorsalcortex and
the cancellous bone are removed, but the ventral cor-
tex is attempted to preserve to maintain an incomplete
fracture. The lamina is opened carefully with a Pen-
field dissector or similar instrument, and the adhesions
of dural mater, ligamentum flavum, and laminae are
divided. A gelatin sponge and epinephrine-containing
cotton pieces can be used to decrease hemorrhaging
of epidural veins. For the mini-plate fixed laminae, the
appropriately sized laminoplasty plate for each level is
selected using the bone trials. The Centerpiece mini-
plate (Inc., USA) is inserted by fitting the cut edge
of the lamina into the laminar shelf of the plate, then
seating the lateral portion of the plate down onto the
edge of the lateral mass. The drill bit is used to make
2 screw holes on the lateral mass and then insert two
7-mm screws to anchor the plate to the lateral mass.
The 1-mm drill bit is used to drill 2 laminar holes with
2-3mm depth, into which 5-mm screws are inserted.
The other laminae are fixed using the Hirabayashi clas-
sic open-door laminoplasty techniques, where sutures
are placed through the facet capsule on the hinge side
and through the spinous processes to help maintain
cervical canal expansion [11]. Antibiotics are adminis-
tered 24—-48 h after the surgery and all the patients are
encouraged to perform neck exercises with a soft col-
lar, within their pain tolerance, beginning 1 week after
surgery.

Definition of variables

Potential variables including age, gender, tobacco use,
alcohol use, diabetes mellitus, hypertension, diagno-
sis, operative level, intraoperative blood loss, operative
time, duration of follow-up, duration of postoperative
hospital stay, preoperative duration of symptoms and
postoperative drainage volume were obtained by retro-
spective reviews of medical records in our hospital.
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Radiography evaluation

The opening angle of C3-C7, door shaft position and spi-
nal canal area were determined by the axial position of
CT after surgery, according to the door shaft position, it
is divided into wide opening group and narrow opening
group (Fig. 1); the change of spinal canal area before and
after operation were compare (Fig. 2); the change of SCD,
C2-7 Cobb Angle, range of motion (ROM) and cervi-
cal curvature index (CCI) were measured by the lateral
radiographs of cervical spine at preoperative and postop-
erative (Fig. 3) and the increased cervical spinal cord area
were measured by MRI before and after surgery (Fig. 4).
Patients with a range of 0-30% increase in spinal cord
area were in the small increment group (SAI group), a
30-60% increase in spinal cord area were in the middle
increment group (MAI group) and a 60 to 90% increase
in spinal cord area were in the large increment group
(LAI group). The spinal canal area and spinal cord area
were measured using v2.1.3.250 (e2eSoft product). These
data were obtained from the cross sections where the spi-
nal cord compression was most significant.

Statistical analysis

Statistical analysis was performed using SPSS ver-
sion 19.0 software (SPSS Inc., Chicago, IL). Continuous
variables with normal distribution were presented as
mean =+ SD. The paired t-tests were performed to detect
the difference of preoperative and postoperative data.
Categorical variables were compared using Pearson’s chi-
square test. Continuous variables were compared using
univariate analysis. According to previous studies con-
cluded that limited decompression with an approximate
30% increase seemed to provide enough space for the
spinal cord and achieve a satisfying neurological recovery
[12]. In present study, MAI group (30—60% increase) and
HATI group (60-90% increase) were combined into one
group, the variables whose P-value was less than 0.05 in
univariate analysis would be chosen for multivariate anal-
ysis. The multivariate analysis would be performed using
binary Logistic regression analysis. The missing data
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would not be included in multivariate analysis. A P-value
of less than 0.05 was considered statistically significant.

Results

Patient characteristics

The patient characteristics are summarized in Table 1.
A total of 83 patients comprised of 65 males and 18
females with a mean age of 55.5 &+ 11.8 (range from 31
to 77) years old were included. There were 34 patients
including 27 males and 7 females with a mean age
of 57.8 £ 10.7 (range from 43 to 76) years old in SAI
group, 29 patients including 21 males and 8 females
with a mean age of 53.4 + 12.2 (range from 31 to 78)
years old in MAI group and 20 patients including 17
males and 3 females with a mean age of 59.9 &+ 11.5
(range from 36 to 77) years old in LAI group. The aver-
age amount of blood loss during the operation was
236 ml (range, 50-1000ml). The mean operation time
was 147 min (range, 60—240 min). The mean follow-up
time was 17.2 months (range from 6 to 105). The mean
length of hospital stay after surgery was 9.1 days (range,
4-21days). Symptom duration preoperative averaged
45.8 months (range, 0.25-360months). Postoperative
drainage volume was 270 ml (range, 20-810ml). There
were no significant differences among the 3 groups in
gender, age, tobacco use, alcohol use, diabetes melli-
tus, hypertension, operative level, blood loss, operative
time, duration of follow-up, duration of postoperative
hospital stay, preoperative duration of symptoms and
postoperative drainage volume(P>0.05). However, the
difference for diagnosis was significant among the 3
groups (P=0.001).

Radiography results

The radiography data are summarized in Table 2. The
SCD, spinal canal area and cervical ROM were signifi-
cantly different before and after surgery (Fig. 5). The
SCD and spinal canal area increased significantly in
all groups after surgery and cervical ROM decreased

quarter of the lamina, which is defined as the narrow opening group (C)

Fig. 1 Measurement of opening angle (A), and door shaft position (B, C). The door shaft position is in the inner edge of the Lateral Mass, which
is further outside than the side opening bone slot, this is defined as the wide opening group (B). The door shaft position is located in the lateral
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Fig. 2 The spinal canal area before and after the operation (A, B)

significantly in all groups after operation. The differ-
ences of door shaft position (P=0.008), preoperative
spinal canal area (P=0.004) and postoperative spinal
canal area (P=0.015) were significant among the 3
groups. The change of the open angle, SCD, C2-7 Cobb
angle, CCI, cervical ROM and other factors also did not
differ significantly among the 3 groups(P>0.05). And
during the entire follow-up, no implant failure, mini-
screw loosening, or lamina reclosure was observed in
all groups.

Classification statistical results

Because the pathology of the OPLL is indeed different
from the DCSS and MCDH, the patients who diagnosed
with OPLL and non-OPLL (DCSS and MCDH) before
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surgery was classified into two groups and detailed sta-
tistical supplements was performed (Table 3). Accord-
ing to the results of statistical analysis, in addition to
the preoperative CCI was statistical difference between
OPLL and non-OPLL groups (P <0.05), which pre-
sented the curvature of preoperative lordosis in OPLL
group is larger than that of the non-OPLL group, the
other preoperative anatomical parameters, the opera-
tion time, blood loss, and the postoperative drainage
volume were no statistical difference between the two
groups (P >0.05). Due to the existence of osteophytes
in OPLL, the above statistical results show that the
SCD, spinal canal area and spinal cord area are smaller
than non-OPLL group, but there is no statistical differ-
ence between the two groups (P > 0.05).

Besides, it is necessary for us to consider the differ-
ences in body size between men and women. To explore
this factor,83 patients was divided into male group and
female group to compare the anatomical parameters
such as the SCD, spinal canal area and spinal cord area
before surgery which can reflect the body size differ-
ence in cervical spine between the two groups. The
statistical results show that the preoperative SCD, spi-
nal canal area and spinal cord area in female group
are smaller than those in male group, but there is no
statistical difference between the two groups(P >0.05)
(Table 4).

Fig. 3 On the lateral radiograph of cervical spine, we measured the SCD of the C3-C7 segments and used the mean SCD [(a+b+c+d+e)/5] to
evaluate the space of spinal canal before and after the operation (A, B), the C2-7Cobb Angle before and after the operation (C, D), the ROM before
operation (314 (2) and the postoperative (33 4+ 34) (E, F, G, H), the CCl before and after the operation, CCl=(al+a2+a3+a4)/A(l,J)
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Fig. 4 Preoperative spinal cord area at C4-5 levels(A), the

postoperative spinal cord area at C4-5 levels(B)

Multivariate analysis

The preoperative diagnosis, door shaft position, pre-
operative and postoperative spinal canal area were
finally included for binary Logistic regression analy-
sis. The result showed that the preoperative diag-
nosis (OR=2.076, P=0.035), door shaft position
(OR=3.425, P=0.020) and preoperative spinal canal
area (OR=10.217, P=0.009) maybe related factors to
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increased spinal cord area after cervical laminoplasty
with miniplate fixation (Table 5).

Discussion

SDCL with miniplate fixation was first reported by
O’Brien in 1996 and has recently become an increas-
ingly popular method to treat multi-level cervical spon-
dylotic myelopathy [13]. The miniplate fixation system
may offer an immediate, sturdy fixation for the laminae
and stabilize the cervical spinal canal expansion. At pre-
sent, an increasing number of studies have focused on
the dural sac. Tsuji et al. concluded that the dural sac
diameter (p=0.001) was significantly associated with
anterior space of the spinal cord [14]. Yang et al. assessed
the extent of decompression achieved by measuring the
spinal canal area of the dural sac at the 3 most narrowed
levels on T2-weighted magnetic resonance imaging pre-
operatively, 6 months postoperatively, and at final fol-
low-up [12]. But, as we all know, the extent of increased
spinal cord area is closely related to patients alongside
long-term prognosis. In a recent report, the relationship
between the morphological restoration of spinal cord
and neurological recovery was studied, this study reveals

Table 1 Clinical Factors and Univariate Analysis of Increased Spinal Cord Area

TOTAL SAl MAI LAI PValue

Gender, N (%) 0.546
Male 65 27 (41.5) 21 (32.3) 17 (26.2)
Female 18 7(38.9) 8 (44.4) 3(16.7)
Age, year 555+11.6 578+10.7 534+122 599+115 0.302
Smoking, N (%) 34 16 (47.0) 9(26.5) 9(26.5) 0.339
Drinking, N (%) 30 14 (46.7) 6 (20.0) 10 (33.3) 0.081
Diabetes, N (%) 21 10 (47.6) 6 (28.6) 5(23.8) 0.729
Hypertension, N (%) 24 9(375) 9(375) 6 (25.0) 0917
Diagnosis, N (%) 0.001

OPLL 19 6(31.6) 8(42.1) 5(26.3)

MCDH 30 13(43.3) 11(36.7) 6 (20.0)

DCSS 34 15 (44.1) 10 (29.4) 9(26.5)
Operative level, N (%) 0.885

2-C7 0(0) 1(50.0) 1(50.0)

C3-C6 3(37.5) 3(37.5) 2(25.0)

c3-C7 69 30 (43.5) 23(333) 16 (27.5)

C4-C7 4 1(25.0) 2(50.0) 1(25.0)
Blood loss, ml 236177 237147 190+ 145 3004244 0.098
Operative time, min 147 +£38 140£37 156 £44 145+£30 0.248
Duration of follow-up, month 1724157 1654194 18.14+£14.1 1714+£11.1 0.923
Duration of postoperative hospital stay, day 9.14£33 92437 9.1+£37 90+£23 0.982
Preoperative duration of symptoms, month 458+716 43.0+£762 43.7+£563 5364854 0.858
postoperative drainage volume, ml 270041303 262.04158.1 290.0£127.2 253.6+£93.6 0437

SAI Small spinal cord area increment, MA/ Middle spinal cord area increment, LAl Large spinal cord area increment, MCDH multilevel cervical disc herniation, OPLL

posterior longitudinal ligament, DCSS degenerative cervical spinal canal stenosis

P <0.05 compared to the preoperative data
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Table 2 Radiography Factors and Univariate Analysis of Increased Spinal Cord Area
Total SAl MAI LAI P value
Open angle, ° 39.78+£42 403+45 39.6£4.2 39.1£35 0.647
Door shaft position, N (%) 0.008
Wide opening 38 11(28.9) 12(31.6) 15(39.5)
Narrow opening 45 23 (51.1) 17 (37.8) 5(11.1)
The SCD, cm
Preop 1.64+0.15 1.64+0.16 1.67+0.11 1.62+0.16 0.497
Postop 2514017 24840.20 2534017 2524012 0.528
The change 087+0.18 0.85+0.21 0.86+0.13 090+£0.18 0.550
C2-7 Cobb angle, °
Preop 122+86 134+£92 106£79 125+£85 0436
Postop 11.2£87 124+£94 104£85 105480 0.677
The change —1047.7 —12+£94 —02+£72 —1.8£5.1 0.767
cd
Preop 0.09+£0.10 0.09+0.11 0.08+£0.10 0.09+£0.08 0.841
Postop 0.08+£0.10 0.09+£0.09 0.07+£0.13 0.08£0.09 0.847
The change —0.01+£0.07 —0.01+£0.07 —0.01+£0.08 —0.01£0.06 0.970
Spinal canal area, mm?
Preop 191£33 177+30 203+34 199429 0.004
Postop 337446 321438 353453 343437 0.015
The change 146+ 29 143+28 150£30 145429 0.678
ROM, ©
Preop 437£116 429+£117 455£110 424+£126 0.907
Postop 308£11.2 31.0£109 33.1£105 27.1£123 0.176
The change —129+£97 —119+102 —123+£100 —153+84 0.299

SAI Small spinal cord area increment, MA/ Middle spinal cord area increment, LAl Large spinal cord area increment, SCD sagittal canal diameter, CCl cervical curvature

index, ROM range of motion

P <0.05 compared to the preoperative data

that severe compression of the spinal cord and its greater
morphological restoration during the early postoperative
period affect C5 palsy development [15]. Therefore, the
increased spinal cord area and the change in morphol-
ogy have great clinical guiding significance. However, the
current researches have not discussed or clarified the risk
or protective factors that affect the spinal cord area. To
solve the above problems, a multivariate analysis associ-
ated with increased spinal cord area was performed and
concluded that the preoperative diagnosis, door shaft
position and preoperative spinal canal area may be asso-
ciated factors for increased spinal cord area following
cervical laminoplasty with miniplate fixation.

Disease types affect the degree of increased spinal cord
area after cervical laminoplasty. Patients diagnosed with
OPLL had a greater degree of increased spinal cord area
after surgery than those diagnosed with MCDH and
DCSS. Aita et al. [16] observed that, although the cervi-
cal spine of patients with OPLL showed lordosis before
laminoplasty, which decreased after surgery so that the
cervical spine was straightened, providing physiologi-
cal space for the recruitment of spinal cord area. Sugrue

[17] found that laminoplasty is suitable for patients with
preoperative cervical lordosis and OPLL whose spinal
canal occupation rate is less than 60%. According to the
above classification statistical results, the preoperative
CCI was statistical difference between OPLL and other
types of disease (P <0.05), which proved the curvature of
preoperative lordosis in OPLL group is larger than that
of the non-OPLL group and provide more space for the
myelocele after surgery. That would explain why patients
diagnosed with OPLL had a greater degree of increased
spinal cord area after surgery than those diagnosed with
other diseases. However, the sample size is relatively
small, and the result may be incidental due to statisti-
cal errors. Hence, a larger sample size study is needed
to explore the relationship between disease types and
increased in spinal cord area.

In addition, the door shaft position will also signifi-
cantly affect the increased spinal cord area. In present
study, patients in the wide opening group had a greater
increased spinal cord area. Meanwhile, compared with
the narrow opening group, the wide opening group will
increase the SCD. Hatta et al [18] reported that increased
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Fig. 5 A 65years old man patient. Preoperative X-ray plain film and
middle sagittal film of magnetic resonance showed the cervical spine
canal stenosis and the spinal cord compression (A-C). Preoperative
X-ray plain film and middle sagittal film of magnetic resonance
showed cervical canal expansive, spinal cord decompression and
good miniplate fixation (D-F)

Table 3 Difference analytical results of OPLL and Non-OPLL groups

Page 7 of 9

the SCD were associated with an increased incidence
of postoperative complications, especially C5 palsy. In
patients with C5 palsy, the width of the C5 interverte-
bral foramen was narrower and the position of the bony
gutter was wider beyond the medial part of the C5 facet
joint. The distance between the lateral side of the spinal
cord and bony gutter was significantly greater in patients
with C5 palsy [19]. Therefore, surgeons should also con-
sider the occurrence of postoperative complications when
performing spinal cord decompression. For patients with
severe spinal cord compression before surgery, door shaft
position should located in the medial margin of the lateral
mass to restore the spinal cord area (wide opening group);
but for the patients with high-risk of postoperative C5
nerve palsy and axis pain, the door shaft position can not
only ensure the decompression effect, but also restrict
the spinal cord over-traction after surgery to prevent the
occurrence of C5 nerve root palsy and reduce axial symp-
tom severity effectively (narrow opening group).

In our study, the preoperative spinal canal area
(P=0.019) is another associated factor for increased spi-
nal cord area. The preoperative spinal canal area essen-
tially affects the increased the spinal cord area by affecting
the anterior space of the spinal cord. The more space for
the spinal cord, the better the decompression effect. In
some researches, to achieve an optimal canal expansion, a
canal area increase of more than 50% was necessary [20].

Total OPLL Non-OPLL Pvalue
The preoperative SCD, cm 1.64£0.15 1624013 1.654+0.17 0479
The preoperative C2-7 Cobb angle, ° 122486 139475 11.7+89 0.342
The preoperative CCl 0.0940.10 0.134£0.09 0.08+0.10 0.038
The preoperative spinal canal area, mm?2 191433 186431 202+38 0.135
The preoperative ROM, ° 437116 4324107 440+11.8 0.275
The preoperative spinal cord area, mm?2 98146 92444 97450 0.695
Door shaft position (wide: narrow) 38:45 9:10 29:35 0.876
Blood loss, ml 236177 2244189 2394174 0.745
Operative time, min 147 £38 144+£43 147 +£37 0.757
Postoperative drainage volume, ml 270041303 250041231 2730+117.0 0.459
OPLL posterior longitudinal ligament, SCD sagittal canal diameter, CC/ cervical curvature index, ROM range of motion
Table 4 Difference analytical results of Male and Female groups

Total Male Female Pvalue

The preoperative SCD, cm 1.64+£0.15 1.64+£014 162£013 0510
The preoperative spinal canal area, mm? 191 £33 193 £ 35 186 £ 25 0473
The preoperative spinal cord area, mm? 98 + 46 100 + 46 92 + 45 0487

SCD sagittal canal diameter
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Table 5 Multivariate Analysis of Factors Associated With

Increased Spinal Cord Area

OR 95%Cl P value
Diagnosis 2.076 1.054-4.090 0.035
Door shaft position 3425 1.214-9.659 0.020
Preoperative spinal canal area 10.217 1.771-58.938 0.009

Cl confidence interval, OR odds ratio,

P <0.05 compared to the preoperative data

However, in this research, the change of the spinal canal
area did not affect the results of increased spinal cord area.

The postoperative spinal canal area might be related
to increased spinal cord area. Kohno et al [21] showed
that widening by 95mm? in the canal area attained
good outcome, suggesting that the stenotic cervical
canal be enlarged to over 200mm?® Hamburger et al
[22] reported that patients with a spinal canal area of
>160mm? achieved a better outcome. However, some
authors thought that the spinal canal area does not affect
the increased the spinal cord area. In the present study,
though multivariate analysis showed no significant cor-
relation between postoperative spinal canal area and
increased spinal cord area after cervical laminoplasty
with miniplate fixation, univariate analysis got a signifi-
cant result. This indicated us the patients whose postop-
erative spinal canal area might be a confounding factor
to increased spinal cord area. Although gender, age, dura-
tion of symptoms, and preoperative cervical ROM were
reported to be related to increased spinal cord area, our
study did not confirm these relationships.

There are some limitations in our study. The pre-
sent study was a retrospective study. More information
may be related to the increased spinal cord area are not
included, like the procedure details. The follow-up time
and small sample size may lead to the loss of some poten-
tial factors related to the increased spinal cord area in the
further follow-up.

Conclusions

The clinical and radiologic data among SAI group, MAI
group and LAI group after cervical laminoplasty with
miniplate fixation were retrospectively analyzed, and the
preoperative diagnosis, door shaft position and preopera-
tive spinal canal area might be associated with increased
spinal cord area. Therefore, the indications for cervical
laminoplasty should be strictly controlled, which is suit-
able for patients with preoperative cervical lordosis and
not suitable for OPLL whose spinal canal occupation rate
is less than 60%, those patients who have kyphosis before
the operation, resulting in poor decompression. During
the operation, the doctor should choose the position of
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the door shaft according to the degree of compression
of the patients’ spinal cord. It is necessary to avoid the
restriction the space of the spinal cord due to narrow
opening, and also to avoid a series of postoperative com-
plications represented by C5 nerve root palsy due to wide
opening.

Abbreviations

CClI: Cervical curvature index; CT: Computed Tomography; DCSS: Degenerative
cervical spinal canal stenosis; LAl: Large spinal cord area increment; MAI: Mid-
dle spinal cord area increment; MCDH: Multiple cervical discs herniated; MRI:
Magnetic resonance imaging; OPLL: Ossification of the posterior longitudinal
ligament; ROM: Range of motion; SAl: Small spinal cord area increment; SCD:
Sagittal canal diameter; SDCL: Single-door cervical laminoplasty.

Acknowledgements
We would like to thank the editors, reviewers and other persons for their
assistance to improve the manuscript.

Authors’ contributions

KZ and YY provided equal contributions to this study, both of them collected
all data and prepared the manuscript. BW and CD performed statistical analy-
sis and interpreted the data. Analysis of radiographs was performed by YM
and XR. YH helped in the statistical analyses. HL designed the study and was a
major contributor to the preparation of the manuscript. The authors have read
and approved the final manuscript.

Funding

This study was supported by the 135 Project for Disciplines of Excellence, West
China Hospital, Sichuan University (ZYJC18029), Sichuan Province Science

and Technology Support Program of China (NO.2020YFS0077), Post-Doctor
Research Project, West China Hospital, Sichuan University (NO. 2019HXBH063),
and the Postdoctoral Science Foundation of China (NO. 2020 M673240).

Availability of data and materials
Datasets are available from the corresponding author on a reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of West China Hos-
pital. Written informed consent was obtained from all individual participants
included in this study. We confirm that all methods were performed in accord-
ance with the relevant guidelines and regulations.

Consent for publication
Informed consent was obtained from all individual participants included in
this study.

Competing interests
The authors declare that they have no competing interests.

Author details

"Department of Orthopedic West China Hospital, Sichuan University, No. 37
Guo Xue Xiang, Chengdu 610041, Sichuan, China. 2Department of Opera-
tion Room, West China Hospital, Sichuan University, No. 37 Guo Xue Xiang,
Chengdu 610041, Sichuan, China.

Received: 15 July 2021 Accepted: 4 October 2021
Published online: 15 October 2021

References
1. DuW,WangL, ShenY, Zhang Y, Ding W, Ren L. Long-term impacts of dif-
ferent posterior operations on curvature, neurological recovery and axial



Zhang et al. BMC Musculoskelet Disord (2021) 22:881

symptoms for multilevel cervical degenerative myelopathy. Eur Spine J.
2013;22(7):1594-602.

Qi Q LiL, Luo J,Huang S, Zhou Z, Gao M, et al. Is mini-plate fixation
superior to suture suspensory fixation in cervical laminoplasty? A meta-
analysis. World Neurosurg. 2016;93:144-53.

Matsumoto M, Watanabe K, Hosogane N, Tsuji T, Ishii K, Nakamura M, et al.

Impact of lamina closure on long-term outcomes of open-door lamino-
plasty in patients with cervical myelopathy: minimum 5-year follow-up
study. Spine (Phila Pa 1976). 2012;37(15):1288-91.

Ozawa T, Toyone T, Shiboi R, Inada K, Oikawa Y, Takahashi K, et al. Modified
open-door laminoplasty using a ceramic spacer and suture fixation for
cervical myelopathy. Yonsei Med J. 2015;56(6):1651-5.

Lu CB, Yang XJ, Wu JC, Lin YZ, Sang HX. Clinical investigation of the
Association of Opening Size with Sagittal Canal diameter based on
single-door cervical laminoplasty. Med Sci Monit. 2019;25:7370-5.

Yang XJ, Tian RJ, Su X, Hu SB, Lei W, Zhang Y. Relationship of actual
laminoplasty opening size and increment of the cross-sectional area
based on single-door cervical laminoplasy. Medicine (Baltimore).
2018,97(12):e0216.

Chen H, Liu H, Deng Y, Gong Q, Li T, Song Y. Multivariate analysis of fac-
tors associated with axial symptoms in unilateral expansive open-door
cervical laminoplasty with Miniplate fixation. Medicine (Baltimore).
2016,95(2):22292.

LiuY, Liu L, Zhang Z, Sheng B, Lun X, Cao Z, et al. Preoperative factors
affecting postoperative axial symptoms after single-door cervical lami-
noplasty for cervical Spondylotic myelopathy: a prospective comparative
study. Med Sci Monit. 2016;22:3746-54.

Wu W, Yang Z, Zhang T, Ru N, Zhang F, Wu B, et al. Microstructural
changes in compressed cervical spinal cord are consistent with

clinical symptoms and symptom duration. Spine (Phila Pa 1976).
2020;45(16):E999-E1005.

ChenH, Deng, LiT, Gong Q, Song Y, Liu H. Clinical and radiography
results of mini-plate fixation compared to suture suspensory fixation in
cervical laminoplasty: a five-year follow-up study. Clin Neurol Neurosurg.
2015;138:188-95.

. KW KH, Wakano K, Suzuki N, Satomi K, Ishii Y. Expansive open-door lami-

noplasty for cervical spinal stenotic myelopathy. Spine (Phila Pa 1976).
1983:693-9.

Yang L, Gu'Y, ShiJ, Gao R, LiuY, Li J, et al. Modified plate-only open-door
laminoplasty versus laminectomy and fusion for the treatment of cervical
stenotic myelopathy. Orthopedics. 2013;36(1):e79-87.

Page 9 of 9

13. ChenH, LiuH, Zou L, LiT, Gong Q, Song Y, et al. Effect of mini-plate fixa-
tion on hinge fracture and bony fusion in unilateral open-door cervical
expansive laminoplasty. Clin Spine Surg. 2016;29(6):E288-95.

14. Tsuji T, Chiba K, Asazuma T, Imabayashi H, Hosogane N, Matsumoto M.
Factors that regulate spinal cord position after expansive open-door lami-
noplasty. Eur J Orthop Surg Traumatol. 2017,27(1):93-9.

15. Mizutani M, Fujishiro T, Obo T, Nakano A, Nakaya Y, Hayama S, et al. Impact
of morphological restoration of the spinal cord from the preoperative to
early postoperative periods on C5 palsy development. J Neurosurg Spine.
2021:1-9.

16. lkuo Aita AO. Hitoshi Amagai, Hiroyuki Hirabayashi, and Koichiro Hayashi:
Histomorphometric study of iliac bones in cervical myelopathy with ossi-
fication of the posterior longitudinal ligament. J Orthop Sci. 1998:324-9.

17. Sugrue PA, McClendon J Jr, Halpin RJ, Liu JC, Koski TR, Ganju A. Surgi-
cal management of cervical ossification of the posterior longitudinal
ligament: natural history and the role of surgical decompression and
stabilization. Neurosurg Focus. 2011;30(3):E3.

18. Hiroshi Hatta LZ. Mayuko Mori, Sei-ichi Teshima, and Sei-ichi Nishi-
moto*: N(1)-C(5")-linked dimer hydrates of 5-substituted Uracils
produced by anodic oxidation in aqueous solution. J Organomet Chem.
2001;66:2232-9.

19. Nakajima H, Kuroda H, Watanabe S, Honjoh K, Matsumine A. Risk factors
and preventive measures for C5 palsy after cervical open-door lamino-
plasty. J Neurosurg Spine. 2019:1-8.

20. Venkat Subramaniam RHC, Theodore N, Baek S, Safavi-Abbasi S, Senoglu
M, Sonntag VKH, et al. Biomechanical effects of laminoplasty versus
laminectomy: stenosis and stability. Spine (Phila Pa 1976). 2009:E573-8.

21. Kohno K, Kumon'Y, Oka Y, Matsui S, Ohue S, Sakaki S. Evaluation of
prognostic factors following expansive laminoplasty for cervical spinal
stenotic myelopathy. Spine (Phila Pa 1976). 1997:237-45.

22. ABCH, Uhl E. The cross-sectional area of the cervical spinal canal in
patients with cervical spondylotic myelopathy. Correlation of preopera-
tive and postoperative area with clinical symptoms. Spine (Phila Pa 1976).
1997:1990-5.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Multivariate analysis of factors associated with spinal cord area in single-door cervical laminoplasty with miniplate fixation
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patient data
	Surgical technique
	Definition of variables
	Radiography evaluation
	Statistical analysis

	Results
	Patient characteristics
	Radiography results
	Classification statistical results
	Multivariate analysis

	Discussion
	Conclusions
	Acknowledgements
	References


